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Abstract

Hemocyanin (HC) is a copper-binding protein that represents as a main protein in hemolymph
of mollusks and arthropods. HC is found to be a precursor of antifungal peptide and converted to be a
phenoloxidase-like enzyme by sodium dodecyl sulphate (SDS) treatment. As phenoloxidase plays important
roles in immune response of crustaceans, suggests that HC may also be involved in the immune system.
In this study, HC was purified from the hemolymph of Fenneropenaeus merguiensis by ultracentrifugation
and subsequently by preparative polyacrylamide gel electrophoresis (PAGE). Purified HC showed a single
protein band in non-denaturing PAGE and two bands of 76 and 79.4 kDa in SDS-PAGE. Anti-HC antibody
raised in a rabbit against purified HC, was highly specific to HC in the hemolymph and used to develop
an enzyme linked immunosorbent assay (ELISA). Due to the development, the sensitive ELISA was able to
quantify HC content as low as 10 ng per assay. By ELISA analysis, HC content was 85.67% of total protein

in the hemolymph of normal banana shrimps. Moreover, HC levels in the hemolymph of bacterial injected

o a a ‘¢ a v a ¢
! %ﬂﬁﬂ‘iﬁﬂﬁyﬂ_ﬁl@ﬂ AULINENFNFAT NININENFLFIVRIUATUNT
v € (3 [
: NTIYENGITATY AUINENFNTNT NAIWVENRYUTNTINUAITUNT
[ [ o A €
* T09FNAITANTE ADKANENFNEGT NNANNAUFIIUAITUNT

NSASUMHNNGIUSENESWwUASUNS YN 8§ otV 1 UNSAY - WU 2559



80

Princess of Naradhiwas University Journal

shrimps, were increased and reached the highest at 12 h post-injection. These results indicate that HC is
inducible and may be involved in shrimp immune response to pathogenic bacteria.

Keywords : Hemocyanin, phenoloxidase, Fenneropenaeus merguiensis, shrimp immunity

unib)

mmimaI@am‘wwsﬁmﬁuﬁﬁamﬁm%@mﬂmmseﬁqﬂismﬂaénéalﬁaq Lﬁaqmﬂﬁaﬁiaﬁmﬁa ﬁ@méw
malnmnmegs uaellesiugh (Wasany AQUA, 2531) ﬁﬂﬁaqmamﬂﬁmmsmeém%amammiaﬁmﬂ@?[mm
dasnellnaiuaensnn ﬂismﬂ%avl,@?ﬁmiﬁ@ummwﬁ@mimuﬁ”mammﬁmL?:mfzﬂmzuwml,l,ﬁuvlé iaan
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Toeh W imerumssiusluseulsinasiedoni pH 9.0 - 96 e lmeAoLIaN (Auttarat, Phiriyangkul
& Utarabhand, 2006) Lmlslmm’ifﬁmﬁwu’ﬁ%‘Iﬂsﬁmﬁuﬂ%aﬂ%ﬁm’%aﬂuﬁww\laémﬁau pH 9.0 ey 9.5 JUNUWEAN
aenBnamasann deadadlaiasiedoud pH 100 - 11.2 wufﬁwﬁiﬂsﬁmﬁuﬁaﬂ%ﬁuﬁuLwawvl,(;mﬂ%umm
pH Aiai (Wi 40) Feiudadenlaimasiadonmg pH N&93ENg 100 - 112 aoladt pH 10.5 Twmavh
ELISA Lﬁﬂﬂﬁﬁﬂ%ﬁﬁ%@ghﬂmv\la‘gﬁtﬁumﬂmmﬁﬁlﬁ waedlssnansoduiumaniad wavannimasay
ﬂaé’yém a‘gﬁwamimaaamimﬂm’szﬁmmzauﬁm%‘fumﬁmmﬁﬂ’%mmﬁiﬂsﬁmﬁu&aar’“a% ELISA fugieit
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Banedlidammesanain 1:200 luiinaaedaud pH 105 uatls 1°Ab uay 2°Ab fidean 1:2,000 WaY
1:25,000 111 NUAFY FIUFAIWATAMNT 4 (A-D)

mﬂmi‘fnfmwmmgmsuaaﬁiﬂsﬁmﬁm’%qw%L'ﬁasl%sl,umimmmmﬂ%mmaa?}hvlsﬁmﬁuﬁlu%hﬁuﬂ
maafgimmﬂvwi@m%% ELISA Wum A492 LﬁN%uLﬂuLgu@m@]mﬂ%mmaa’ﬁiﬂsﬁmﬁuﬁqw%ﬁLﬁméuiu%aa 10 - 69
alhsn3u wasilen Correlation coefficient R? = 0.995 (Mnfl 5) mﬂﬂﬁi%%hvlsﬁmﬁuu%qw%ﬂ%mtmj,ayﬁaﬁ 5
Vl,sﬂﬂsﬂ%mgmaqm a¢lven Ad92 ﬁia%]uaﬂﬂﬂw;nmgm ﬁaﬁuﬁﬂgﬂ%mmﬁiﬂsﬁmﬁuﬂ%ﬁw%slwﬁm 10 - 69 lulasnn
faviqN Wunaanegn (it 5) uasmslashaensdlAasi Rz tiudoun 10 wilund vasnnnm
TumsAinmevents ELISA

mﬂmﬁ@ﬂ’%mm%MLGﬁmﬁuﬁlu%IN?mﬂmaﬁaLmﬁaaﬂn@ 6 dotns Ineiemddl@smimesamsan 1200
WAAATIEME ELISA W‘U’ﬁm’%mmﬁimvlfﬁmﬁﬂuﬂwﬁmﬂﬁéwmﬁaiﬂlwﬁ@wwm@mmgm i 111.07+3.58 HaAnsw
st mmzﬁﬂiﬁu%mmﬁluﬁhﬁmﬂﬁéwmﬁaﬂ:@ﬁﬁmwamm@@m i 129654463 RnAnsueadindaes o
Prsnni@llaeniiimlomet ELISA Sofniu 85.67% °zJaﬂﬁiauﬁmmﬁmﬁhﬁmﬂmaﬁqLmjaaﬂﬂ@
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2. ol lgendiuludlfavivasneunnefigndaeny v. harveyi

Lﬁaﬁ@ﬂ%mmﬁiﬂsﬁmﬁﬂuﬁhﬁmima@ﬁaﬁgnﬁ@5@&J V. harveyi w’%aﬁamjmmuqm fanene meds
ELISA wunallseniuludladavivaensfigndneme V. harveyi SUsaoufiadunnySanos o Sl 0 awdta
qogafialag 12 ufimiEnanamAERL o Falaeft 18 uag 24 yiemsdin lunufidlaleeiuludlaiamizoons
goenuedirBnadlauanmaetuluma 0 - 24 ol (nmeft 1) avdunBllzentudisluufinousuasmemsinide

V. harveyi ‘N‘UG’IT’N%INVL‘ITm%%ﬂﬂﬂiu@]%\l@@’J 8 L“ﬁE]ﬂ@Ii@ﬂx‘iLLau‘HﬂQuN‘U'ﬂ‘UTﬂLﬂEl’Jﬂ@ﬂﬂUiuUUﬂNﬂNﬂ‘Lﬂ%ﬂﬂ

' '
A

€A X o A YA a” Aa ¥ am
GI’I‘S’NYI 1 ﬂiNWmﬁINVLGﬁEﬂ%%Gl%SINﬂN ﬂLWN%%mﬂ‘H’JINGW 0 IDNNINENANAIE V. harveyl MaNeR@I81D ELISA

Increment of HC content in the hemolymph (mg/ml)
Time post-injection (hour)

V. harveyi injection Saline injection

0 0 0

6 42 1.2

12 6.4 04

18 2.9 0

24 2 04

andsema

GLumuﬁﬁaﬁ%ﬂﬂ%ﬁiﬁlﬁmﬁuu’%qw%mﬂ%bﬁwﬂmm%:aLmja ot A3SanTIaueRTHA waw Preparative PAGE
wun Blleeniiudarsanglsiu 2 wou fifiasaluana 79.4 uay 75 kDa lu SDS-PAGE Faflenlnauiieaiy
wﬁaaéamaaﬂﬂ%mﬁmmﬁq P. japonicus ﬁﬁmaimaqa 77 wd¢ 67 kDa (Adachi, Hirata, Nagai & Skaguchi,
2001) LLazﬁaﬁmﬁﬁmaImaqa 82 e 75 kDa (Figueroa-Soto, De la Barca, Vazquez-Moreno, Higuera-Ciapara
& Yepiz Plascencia, 1997) mmwmsé}ﬂﬁmwﬁ&Jéﬁme‘ﬁuau@uaﬁéa%lﬁlﬁmﬁuu’%qw%; W uouARdT
wheslefiemnarimnsgenedllzeniiu Toe bufedfiseniulusiudug uasdvensnsoWannmeiia ELISA fifiena
Vbaa %qmm‘m*i@m’%mm?f[mvlsﬁmﬁuvléﬁwﬁa 10 wilundy waeleienSnodllaenfinlugldamle I@alﬁaﬁwmi
a@mamﬁumﬁv@a 6 $hoen mef’{amewﬁimma‘[ﬂsﬁamuﬂ@Lﬁu 85.67% maﬁﬂwwmmhﬁmww m
ﬁa@@aa@ﬂmwmmslmwn (Cariolou & Flytzanis, 1993) LLﬁﬂuq& P. japonicus (Chen & Cheng, 1993) ‘wwmw
80 - 95% sl senlualdsmmosnsandeaiualilaentn Whsmnishdimaommsdnmmaneusussastsiu
%‘Iﬂmmﬁﬂuﬁ‘[mﬁwﬁéami@@L%aﬁa‘[iﬂiuf;@ﬁﬁwﬁluq wafimsdnmmsusnsmansyiuiuresililzeninlusiuaes
m Macrobrachium nipponense m@mma Aeromonas hydrophila Wmmmiuﬂmaaﬂﬁnaawﬂﬁlﬁmww
T o alefi 3 wa@mm@ (Wang Xia, Liu, Chen, Yang & Ning, 2012) ot aimvlsﬁmuwnaamﬂmm
mmmmaamwmumagﬂmummmwzia V. harveyi (Somboonwiwat, Chaikeeraisak, Wang, Fang &
Tassanakajon, 2010) mw%aﬁewuﬁw%Iﬂsﬁmﬁmaaf:\mmdwﬁqwé%ﬂﬁaﬁﬂ‘s@;wﬁw White spot syndrome virus
(Zhang, Huang & Qin, 2004) Lmummwmwmwmﬂﬂmmuﬁma ¢ maaaiﬁlsﬁmuumimmmmﬂuﬂwamw

’IJENN‘HTJ@auﬁ%m@aﬂﬁ%@mmEJL*ﬁaﬂéﬂi@ Vibrio alginolyticus 2 Fusarium oxysporum “mISN‘VI 3 LAY
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Lﬁuqaq@ w $alafl 6 wianmde (Destoumieux-Garzon et al, 2001) TwrmiSeihilo oSl lseniiuans
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86.67% 611aﬂﬂiauﬁ”’wmsl,uﬁimﬁmﬂmaﬁawmjaaﬁn@ mﬂmiﬁ@ﬁaa’m V. harveyi uaAemsnane3s ELISA wu
Pannidlilaeninludlfuifisgitud 6 Sl ussiageged 12 Fal vdomsdia aniudiaanas vdnEl
laerfugnmavaulemudenalsenaussnasiummiAsmesiusuunfoaiune  demsfimsinmnalnams
audeamoly

v

VaLHULW

v '

ansimstnmnIneusvesesdudlilsefivlunsuainefignieems V. harveyi

facfnssudsend
=\ yju X% ! a a a a a 3
m‘umaﬂl@m@u@qu’mmmnmuﬁawmummuﬂ 2553 LAYURYALAMMAINTUAN ADANENFMENT
2 d‘ ¥ i a a a =
WINER L INIUAIUNT Wiﬁn%ﬂﬁﬁﬂ‘mLLﬂNﬁL‘IJH%QWﬂI@‘SQﬂWiﬂ’JWNLﬂ%La@T AMNTNAH

sEmsanede

Usvany wagua. (2531). ;1:@ (NATANTIA). M0303NENeNFOTNAS AOLAISEAN AVT3NEnSEInEASeaeS,

iR SRUAMm. (2543). m‘séaﬁawﬁﬂwuﬁuﬁwm Qs’?ﬁzytymuvlm amaluazuaniadanms. a‘nsmsﬁm;ﬁw,
11(131), 5-16.

q‘waﬁ Sougiau uasdesom w;wﬁ’m. (2543). MATEWlLLAsEN T sAE T T RS L Wk
wefngsa, ’Jﬁ‘éﬁ‘l‘iﬁﬁ’;&‘], 11(132), 37-44.

Adachi, K., Endo, H., Watanabe, T., Nishioka, T. & Hirata, T. (2005). Hemocyanin in the exoskeleton of
crustaceans: Enzymatic properties and immune-localization. Pigment Cell Research, 18, 136-143.

Adachi, K., Hirata, T., Nagai, K. & Sakaguchi, M. (2001). Hemocyanin a most likely inducer of black spots
in kuruma prawn Penaeus japonicus during storage. Journal of Food Science, 66, 1130-1136.

Aspan, A., Huang, T., Cerenius, I. & Soderhill, K. (1995). cDNA cloning of prophenoloxidase from the

freshwater crayfish Pacifastacus leniusculus and its activation. Proceedings of the National

Academy of Sciences of the United States of America, 92, 939-943.

NSASUMHNNGIUSENESWwUASUNS YN 8§ otV 1 UNSAY - WU 2559



88

Princess of Naradhiwas University Journal

Aspan, A. & Soderhill, K. (1991). Purification of prophenoloxidase from crayfish blood cells and its activation
by an endogeneous serine proteinase. Insect Biochemistry, 21, 363-373.

Auttarat, J., Phiriyangkul, P. & Utarabhand, P. (2006). Characterization of vitellin from the ovaries of the
banana shrimp Litopenaeus merguiensis. Comparative Biochemistry and Physiology, 143B, 27-36.

Bradford, M. M. (1976). A rapid and sensitive method for the quantitation of microgram quantities of protein
utilizing the principle of protein-dye binding. Analytical Biochemistry, 72, 248-254.

Cariolou, M.A. & Flytzanis, C.N. (1993). Sex-specific gene expression in distinct tissues of the shrimp
Penaeus vannamei. Comparative Biochemistry and Physiology, 106B, 705-716.

Chen, J.-C. & Cheng, S.-Y. (1993). Studies on haemocyanin and haemolymph protein levels of Penaeus
japonicus based on sex, size and moulting cycle. Comparative Biochemistry and Physiology,
106B, 293-296.

Davis, B.J. (1964). Disc electrophoresis: II. Method and application to human serum protein. Annals of the
New York Academy of Sciences, 121, 404-427.

Destoumieux-Garzon, D., Saulnier, D., Garnier, J., Jouffrey, C., Bulet, P., & Bachere, E. (2001). Crustacean
Immunity. Antifungal peptides are generated from the C terminus of shrimp hemocyanin in
response to microbial challenge. Journal of Biological Chemistry, 276, 47070-47077.

Figueroa-Soto, C.G., de la Barca, A.M.C., Vazquez-Moreno, L., Higuera-Ciapara, I., & Yepiz-Plascencia, G.
(1997). Purification of Hemocyanin from White Shrimp (Penaeus vannamei Boone) by Immobilized
Metal Affinity Chromatography. Comparative Biochemistry and Physiology, 117B, 203-208.

Jaenicke, E., Foll, R. & Decker, H. (1999). Spider hemocyanin binds ecdysone and 20-OH-ecdysone. Journal
of Biological Chemistry, 274, 34267-34271.

Laemmli, U.K. 1970. Cleavage of structure protein during assembly of head of bacteriophage 74. Nature,
227, 680-685.

Ouchterlony, O. (1956). Antigen-antibody reactions in gel. IV. Type of reactions in co-ordinated systems of
diffusion. Acta Pathologica et Microbiologica Scandinavica, 32, 231-240.

Paul, R.J. & Pirow, R. 1998. The physiological significance of respiratory proteins in invertebrates. Zoology,
100, 319-327.

Rittidach, W. (2006). Characterization of sialic acid-specific lectin in the hemolymph of Banana shrimp
(Penaeus merguiensis). Ph.D. Thesis, Prince of Songkla University, Songkhla, Thailand.

Soderhall, K., & Cerenius, L. (1998). Role of the prophenoloxidase activating system in invertebrate immunity.
Current Opinion in Immunology, 10, 23-28.

Somboonwiwat, K., Chaikeeratisak, V., Wang, H.C., Fang, L.C. & Tassanakajon A. (2010). Proteomic analysis
of differentially expressed proteins in Penaeus monodon hemocytes after Vibrio harveyi infection.

Proteome Science, 8(1), 39-50.

msansyBHNGIusENawuasuns I 8 addil 1 AN - WY 2559



89

, gl
Princess of Naradhiwas ¥niversity Journal b“&’tﬁ
(@),

R

T,

Spindler, K.D., Hennecke, R.G. & Gellissen, G. (1992). Protein production and the molting cycle in the crayfish
Astacus leptodactylus (Nordmann, 1842). II. Hemocyanin and protein synthesis in the midgut
gland. General and Comparative Endocrinology, 85, 248-253.

Van Holde, K.E., & Miller, K.I. (1995). Hemocyanins. In: Advances in Protein Chemistry, Anfinsen, C.B.,
Edsall, J.T., Eisenberg, D.S. and Richards, F.M., Eds. Academic Press Inc., New York, 47, 1-81.

Wallace, R.A. (1965). Resolution and isolation of avian and amphibian yolk granule protein using
DEAE-cellulose. Analytical Biochemistry, 11, 297-311.

Wang, W., Xia, X, Liu, F., Chen, X, Yang, H., & Ning, Q. (2012). Cloning and characterization of the
hemocyanin gene of prawn Macrobrachium nipponense. Turkish Journal of Biochemistry, 37(4),
348-355.

Zhang, X., Huang, C., & Qin, Q. (2004). Antiviral properties of hemocyanin isolated from shrimp Penaeus

monodon. Antiviral Research, 61, 93-99.

NSASUMHNNGIUSENESWwUASUNS YN 8§ otV 1 UNSAY - WU 2559



